Abstract Coriander (Coriandrum sativum L.), is an annual herb in the Apiaceae family which disperses in Mediterranean and Middle Eastern regions. The Coriander essential oil has been used in food products, perfumes, cosmetics and pharmaceutical industries for its flavor and odor. In Iran, fruits of Coriander used in pickle, curry powders, sausages, cakes, pastries, biscuits and buns. The aim of this study was to investigate microwave radiation effects on quality, quantity and antimicrobial activity of essential oil of Coriander fruits. The essential oils were obtained from the Coriander fruits by hydrodistillation (HD) and Microwave-assisted hydrodistillation (MAHD) then, the oils were analyzed by GC and GC-MS. Antimicrobial activities of essential oils were evaluated against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Candida albicans by microdilution method. The results indicated that the HD and MAHD essential oils (EO) were dominated by monoterpenoids such as linalool, geranyl acetate and γ-terpinene. The major compound in both EO was linalool which its amount in HD and MAHD was 63 % and 66 %, respectively. The total amount of monoterpenes hydrocarbons in HD EO differ significantly with the amount in MAHD EO (12.56 % compare to 1.82 %). HD EO showed greater activity against Staphylococcus aureus and Candida albicans than MAHD EO. Moreover, their activities against Ecoli and P. aeruginosa were the same with Minimum Inhibitory Concentration (MIC) 0.781 and 6.25 μL mL −1 , respectively. By using MAHD method, it was superior in terms of saving energy and extraction time, although the oil yield and total composition decrease by using this method.
oil of C. sativum were collected from Iran (Ghannadi and Sadeh 1999; Nejad Ebrahimi et al. 2010 ) and other countries (Matasyoh et al. 2009; Bhuiyan et al. 2009 ). There are some studies of antimicrobial activity of Coriander essential oil against different species of Candida (Begnami et al. 2010) , gram-positive and negative bacteria (Elgayyar et al. 2001; Tajkarimi et al. 2010) . Furthermore, in one study antimicrobial and antioxidant activities of C. sativum essential oil was surveyed (Baratta et al. 1998) . In previous study, hypoglycemic activity of C. sativum was investigated and the results indicated that Coriander possesses antihyperglycaemic, insulin releasing and insulin-like activity (Gray and Flatt 1999) . The hypolipidemic activity of Coriander seeds has been reported by Ertas et al. , that this plant could decrease saturated fatty acid contents (palmitic and stearic acids) in the blood (Ertas et al. 2005) .
The main techniques to obtain essential oils (EO) from the medicinal herbs are hydrodistillation (HD), steam distillation, steam and water distillation, maceration, expression. Among these techniques, HD has been the most common method to extract the essential oils from plants. The HD method has several drawbacks such as long extraction time, high energy use and so on. Hence, in order to increase the extraction yield, save energy and time extraction, new approaches is improving, in recent years, the using of Microwave-assisted hydrodistillation (MAHD) method is increasing, especially for extraction (Golmakani and Rezaei 2008; Khanavi et al. 2013) . By using microwave energy, the materials reach their boiling point rapidly, so leading to short extraction or distillation time and save energy (Khanavi et al. 2013) .
Based on using Coriander as flavor and condiment in food products, the aim of this study was to investigate microwave radiation effects on quality, quantity and antimicrobial activity of essential oil of Coriander fruits.
Materials and methods

Hydrodistillation (HD)
The Coriander fruits (100 g) and 1,000 ml distilled water placed in a round bottom flask and connected to a Clevenger-type apparatus. Hydrodistillation was compeleted for 4 h after boiling. Oil yield of the sample was calculated on a moisture free basis. The oil was dried over anhydrous sodium sulphate and kept at 4°C in the sealed brown vial until required.
Microwave-assisted hydrodistillation (MAHD)
The oil was obtained from the fruits of Coriander by hydrodistillation for 40 min using a Clevenger type apparatus placed in a modified microwave oven (OM-5224, P.R.C). The oil was dried over anhydrous sodium sulphate and kept at 4°C in the sealed brown vial until required.
GC and GC-MS spectrometry
Analytical gas chromatography (GC) was carried out using a Shimadzu 15A gas chromatograph with capillary column HP-5 ms (60 m×0.25 mm, ft 0.25 mm); carrier gas, He; split ratio 1:25 and using a flame ionisation detector (FID). The column temperature was programmed at 60°C for 3 min and then it was heated to 260°C at a rate of 5°C min −1 and the temperature was then kept constant at 260°C for 15 min. Gas chromatography mass spectroscopy (GC/MS) was performed on a HP 68900 with a HP 5973 quadrupole detector, on capillary column HP-5 ms (5 % phenyl methyl siloxane) (60 m×0.25 mm; ft 0.25 mm); carrier gas, He; flow rate, 1 mL min
. The column was held at 60°C for 3 min and programmed up to 260°C at the rate of 5°C min
, then kept constant at 260°C for 15 min.
The MS was operated at 70 eV ionization energy. Retention indices were calculated using the retention time of n-alkanes that were injected after the oil at the same chromatographic conditions. Quantitative data were obtained from the electronic integration of the FID peak areas. The components of the oils were identified by comparison of their mass spectra and retention indices with Wiley library and those published in the literature (Adams 1995) .
Antimicrobial activity
Antimicrobial activity of the essential oil was determined against gram-positive (Staphylococcus aureus ATCC 6538) and gram-negative (Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027), bacteria and Candida albicans by broth microdilution method with visible growth observed by using 96 U-shaped wells plates (NCCLS 2006) . After 24 h of incubation at 35°C, 25°C the microdilution plates were tested for the absence or presence of visible growth in comparison with that of the growth in drug-free control well. Each experiment was repeated three times with similar results. The endpoint of Minimum Inhibitory Concentration (MIC) is the lowest concentration of the compound at which the test strain does not demonstrate visible growth.
Statistical analysis
Comparisons between the major components of two methods were made using t-tests. Statistically significance level was set at p<0.05.
Results
The chemical composition of the essential oil obtained from C. sativum in two methods (Microwave-assisted hydrodistillation and hydrodistillation) are represented together with the retention indices in Table 1 , the oils yields of the plant was determined as 0.1 % and 0.2 % v/w in MAHD and HD respectively. The GC-MS analyses of both samples revealed the presence of a total of 32 components. Twentyseven compounds were identified in the hydrodistilled oil (clevenger-type apparatus) which accounted for 90.95 % of the total oil composition. This oil was dominated by monoterpenoids such as, linalool, γ-terpinene, α-pinene and p-cymene. In the same way, 27 compounds were identified RI retention index on HP-6890 with reference to n-alkanes injected after the oil at the same chromatographic conditions from the microwave extracted oil which accounted for 88.97 % of the total oil composition. The MAHD EO was dominated by monoterpenoids such as linalool and geranyl acetate. The structures of main components are shown in Fig. 1 . The broth microdilution method was used to determine the antimicrobial activity of MAHD and HD Coriander EO against gram-positive and gram-negative bacteria and Candida, the results are shown in Table 2 , HD EO showed greater activity against S. aureus and C. albicans than MAHD EO, significantly (P<0.05). Moreover, their activity against Ecoli and P. aeruginosa were the same (MICs=0.781 and 6.25 μL mL −1 , respectively).
Discussion
According to results in current study, the major compound in both EO was linalool which its amount in HD and MAHD was 66.27±0.23 % and 63.29±0.38 %, respectively. Significant difference was observed in the linalool content of MAHD EO and HD EO (P<0.05). The total amount of monoterpene hydrocarbons in HD EO differ significantly with the amount in MAHD EO (12.56 ± 0.11 % compare to 1.82 ± 0.03 %) (P<0.05). Moreover there were a difference between oxygenated monoterpenes content in MAHD EO and HD EO (74.99± 0.61 % and 70.95 %±0.67 respectively) (P<0.05). The content of geranyl acetate in MAHD EO (8.49±0.31 %) increased compared to HD EO (0.065±0.00), significantly (P<0.05).
A critical observation of the oil compositions revealed that higher amounts of oxygenated monoterpenes are present in the essential oil isolated by MAHD (74.99 %) in comparison with the oil extracted by HD (70.95 %). MAHD method was important in terms of saving energy and extraction time (40 min compared to 240 min in HD method) and the amount of oxygenated monoterpenes which play the great role in the essential oil properties increased, although the oil yield and total composition decrease by using this method. The EO of Coriander showed antimicrobial and antifungal activity and HD EO showed more potent anti-Candida and antiStaphylococcus than MAHD EO.
The previous studies showed that linalool was the main compound on the EO Coriander collected in Serbia (Samojlik et al. 2010) and Romania (Tsagkli et al. 2012 ) which agrees with our research that linalool was major component in the MAHD and HD EO. In the same way, Singh et al. investigated the EO chemical composition of Coriander from India and found that the major compounds were linalool (75.3 %), geranyl acetate (8.1 %) and α-pinene (4.1 %) (Singh et al. 2006 ). There is a report about the MAHD and HD EO of Coriander in which, their results were similar to our research. In MAHD essential oil the content of geranyl acetate increased while, monoterpene hydrocarbons content decreased. Furthermore oxygenated monoterpenes increased in MAHD EO (Kosar et al. 2005) . In another study, microwave radiation effects on quality and quantity essential oil of Mangifera indica L. were investigated that, the results indicated content of oxygenated monoterpenes were more than HD EO, so, these studies showed oxygenated components appeared to increase in MAHD essential oils (Wang et al. 2010) .
Linalool is the major component in the MAHD and HD EO which has been found to have antimicrobial activity against various microbes (Carson and Riley 1995) and it inhibits the spore germination and fungal growth by the mechanism of respiratory suppression of aerial mycelia (Lahlou and Berrada 2001) . Geranyl acetate which is the second major component in the MAHD EO, has antifungal activity and antiinflammatory effect (José Goncalvesa et al. 2011) .
The antimicrobial activity of the essential oil could be contribute to the presence of active compounds, such as Fig. 1 Main components in the essential oils of coriander (Koutsoudaki et al. 2005) , α-pinene and β-pinene (Dorman and Deans 2000) , p-cymene and γ-terpinene (Xianfei et al. 2007 ). In the study conducted by Matasyoh, the Coriander leaves EO showed antibacterial and antifungal activity against C. albicans, gram positive and gram negative bacteria, also its major components were aldehydes and alcohols which accounted for 55.5 % and 36.3 % of the oil respectively, and linalool was accounted for 0.32 % of the oil (Matasyoh et al. 2009 ). This study could show us that other components of EO also have the capacity to act against microbe and also, showed the content of linalool in the Coriander leaves EO is less than the Coriander fruits EO, but aldehydes and alcohols were more than fruits EO. Following of this fact, aldehydes and alcohols could show antimicrobial activity and these components had various effects against microorganism which is related to the functional group present and hydrogen bonding parameters. In the same way dodecenal accounted for 2.12 % and 2.90 % in HD and MAHD EO respectively, is an aldehyde which could consider as one of the antimicrobial active ingredient of Coriander EO (Kubo et al. 2004) . In previous studies synergistic antimicrobial activity between Coriander essential oil and different antimicrobial drugs (Cefoperazone, Chloramphenicol, Ciprofloxacin, Gentamicin, Tetracycline, Piperacillin and Amphotericin B) was investigated (Duarte et al. 2012; Silva et al. 2011) according to these studies, Coriander essential oil had synergistic antimicrobial effects with antimicrobial drugs. The essential oil of Coriander had fungicidal ability with inhibition of germ tube formation and synergetic effect with Amphotericin B (Silva et al. 2011 ). Moreover, it was shown that the antimicrobial activity of Coriander is not only for its linalool, but also interaction between different components in essential oil led to antimicrobial activity (Begnami et al. 2010) .
Conclusions
In MAHD method, time extraction is significantly shorter than HD method. The MAHD with lower energy consumption than HD is offered instead traditional methods. Therefore, considering the operation cost MAHD could be carried out using half of the expenses required by HD. However the antimicrobial activity of EO obtained by HD against Staphylococcus aureus and Candidia albicans is greater than MAHD. The MAHD yielded less percentage of γ-terpinene, α-pinene and pcymene compared to HD, therefore, HD is more efficient method for obtaining essential oil of Coriander. Furthermore the important compound of Coriander EO as linalool is not significantly different in both method quantitatively (63 % compare to 66 %).
